were included from 14 Surveillance, Epidemiology, and End Results (SEER) Program state and regional population-based cancer registries covering 54% of the U.S. API population. Cancer deaths were included from the seven states that report death information for detailed API groups and which cover over 68% of the total U.S. API population. Using detailed racial/ethnic population data from the 2000 decennial census, we produced incidence rates centered on the census year for Asian Indians/Pakistanis, Chinese, Filipinos, Guamanians, Native Hawaiians, Japanese, Kampucheans, Koreans, Laotians, Samoans, Tongans, and Vietnamese. State vital records offices do not report API deaths separately for Kampucheans, Laotians, Pakistanis, and Tongans, so mortality rates were analyzed only for the remaining API groups. Results Overall cancer incidence rates for the API groups tended be lower than overall rates for non-Hispanic whites, with the exception of Native Hawaiian women (All cancers rate = 488.5 per 100,000 vs. 448.5 for non-Hispanic white women). Among the API groups, overall cancer incidence and death rates were highest for Native Hawaiian and Samoan men and women due to high rates for cancers of the prostate, lung, and colorectum among Native Hawaiian men; cancers of the prostate, lung, liver, and stomach among Samoan men; and cancers of the breast and lung among Native Hawaiian and Samoan women. Incidence and death rates for cancers of the liver, stomach, and nasopharynx were notably high in several of the API groups and exceeded rates generally seen for non-Hispanic white men and women. Incidence rates were lowest among Asian Indian/Pakistani and Guamanian men and women and Kampuchean women. Asian Indian and Guamanian men and women also had the lowest cancer death rates. Selected API groups had less favorable distributions of stage at diagnosis for certain cancers than non-Hispanic whites. Conclusions Possible disparities in cancer incidence or mortality between specific API groups in our study and non-Hispanic whites (referent group) were identified for several cancers. Unfavorable patterns of stage at diagnosis for cancers of the colon and rectum, breast, cervix uteri, and prostate suggest a need for cancer control interventions in selected groups. The observed variation in cancer patterns among API groups indicates the importance of monitoring these groups separately, as these patterns may 
Introduction
A goal of the U.S. Department of Health and Human Service's Healthy People 2010 program is the elimination of health disparities that occur by race and ethnicity [1] . Health disparities have been defined as ''…differences in the incidence, prevalence, mortality, and burden of diseases and other adverse health conditions that exist among specific population groups in the United States [2] .'' This definition implies that a cancer health disparity exists when one segment of a population is found to have higher cancer rates (or some other measure of interest that indicates adverse conditions) than another population segment, or referent group. In this study, we report cancer incidence, mortality, and stage distributions among Asians and Pacific Islanders (API) residing in the U.S. and note health disparities, using the cancer experience of the non-Hispanic white population as the referent group. We identify specific API groups that may benefit from cancer control interventions or from further analytic epidemiologic research to follow up on etiologic leads.
Cancer surveillance systems, composed of high quality population-based (state or metropolitan area) central cancer registries, enable the monitoring of health disparities related to cancer incidence, mortality, patient survival, treatment, and quality of life [3] . The broad geographic coverage of national surveillance programs, such as the National Cancer Institute's (NCI) Surveillance, Epidemiology, and End Results (SEER) Program which currently includes 26% of the U.S. population, facilitates the inclusion of more detailed racial/ethnic groups in such analyses by virtue of the large population base. Similarly, data from several state vital records offices that collect and report death information for an expanded set of racial/ethnic groups enables the identification of disparities in cancer mortality [4] . The lack of comparably-detailed racial/ethnic population estimates, however, often constrains U.S. health surveillance systems to report cancer rates for combined groups, such as API. This limitation obscures important differences in the cancer experience of heterogeneous populations [5] [6] [7] . As a result, national statistics on cancer for Asian ethnic groups are not routinely available [8] . In this study, we have taken advantage of population data from the 2000 decennial census for detailed racial/ethnic groups, to calculate incidence and mortality rates for several specific API groups: Asian Indian/Pakistani, Chinese, Filipino, Guamanian, Native Hawaiian, Japanese, Kampuchean, Korean, Laotian, Samoan, Tongan, and Vietnamese (mortality data only are available for a subset of these groups-see Materials and methods). The databases used in these analyses can be accessed, under a data user agreement, from the SEER Web site [9] .
Material and methods

Study data
Information on new cancer diagnoses among API groups and non-Hispanic whites (referent group) occurring during the 5-year period from 1 January 1998 to 31 December 2002 was obtained from U.S. state and regional populationbased cancer registries that participate in the NCI's SEER Program. The reporting areas included in this analysis were: Atlanta, Detroit, Seattle/Puget Sound; and the states of California (registries for Los Angeles County, the Greater San Francisco Bay Area, and the rest of California), Connecticut, Hawaii, Iowa, Kentucky, Louisiana, New Jersey, New Mexico, and Utah. These registries cover 54% of the U.S. API population [10] . The specific API groups included in the incidence comparisons were Asian Indian/Pakistani (combined, due to SEER coding rules [11] ), Chinese, Filipino, Guamanian, Native Hawaiian, Japanese, Kampuchean, Korean, Laotian, Samoan, Tongan, and Vietnamese. Approximately 7% of the API cancer cases were classified as ''Asian not otherwise specified'' (NOS) or ''Pacific Islander NOS'' and could not be included in the analysis. Only invasive cancers were analyzed, with the exception of the urinary bladder. Bladder cancers reported as either in situ or invasive were combined, since information in medical records needed to distinguish between these types of tumors is frequently either unavailable or unreliable [12] . The primary cancer type was coded according to the International Classification of Diseases for Oncology (ICD-O) edition in use at the time of diagnosis, converted to ICD-O Third Edition, and then categorized into cancer site groupings [13] .
Cancer deaths occurring during the 1998-2002 study period were identified from all deaths reported to state vital records offices and consolidated by the National Vital Statistics System of the National Center for Health Statistics. The underlying cause of death was coded based on the version of the International Classification of Diseases (ICD) in use at the time of death. Deaths due to malignant neoplasm were then grouped to ensure comparability of disease categories across the ICD versions [13] . Since specification of expanded API racial categories on death certificates is currently required for seven states only (California, Hawaii, Illinois, New Jersey, New York, Texas, and Washington) and for nine API ethnic groups [14] , we restricted our mortality analyses to these areas and groups (Table 1) . Thus, the geographic coverage differs between the incidence and mortality analyses. Approximately 72% of the API population covered in the mortality analysis is also included in the incidence analysis. The seven states in the mortality analysis include over 68% of the total U.S. API population; representing 80% of Native Hawaiians, 79% of Filipinos, 77% of Japanese, 74% of Chinese and of Samoans, 65% of Koreans, 62% of Vietnamese, 61% of Guamanians, and 60% of Asian Indians [15] . Less than 0.1% of the API deaths were classified as ''API NOS'' and were excluded from the analysis. Deaths among non-Hispanic whites in these states are also included for purposes of comparison.
Data analysis
Cancer incidence and mortality rates were calculated for the combined 5-year study period, 1998-2002, as cases or deaths per 100,000 persons. The rates were age-adjusted to the 2000 U.S. standard population using 19 age groups (\1, 1-4, 5-9,…, 80-84, 85+). Rates and 95% confidence intervals (95% CI) [16] were generated using SEER*Stat software [http://www.seer.cancer.gov/seerstat/]. As rates based on small counts (either the number of diagnosed cases or deaths) tend to have poor reliability, they are not shown in tables if the case or death count is \16 [17, 18] .
Detailed population data for specific API groups are available only from the decennial U.S. census. Therefore, we centered our study on the 2000 census and used the population counts, multiplied by five, as denominators for incidence and mortality rate calculations. In the 2000 census, individuals were able to indicate multiple race/ ethnic responses on the census form [19] . These responses can be tabulated as two population values for detailed API groups; namely, the specific API group alone (counting those who self-identified with only one API group) and the specific API group alone or in combination with any other racial/ethnic groups (counting those who self-identified with either a single API group or with more than one racial/ ethnic group, at least one of which was the specific API group of interest). Thus, the population counts for each of the specific API groups are not mutually exclusive. Population data for non-Hispanic whites consist of bridged single-race estimates available for each year from 1998 to 2002 [20, 21] . Cancer registries and state vital records offices have also begun collecting and reporting multiple race and ethnicity information from medical records and death certificates. These sources, however, generally include only a single race or ethnicity designation ([99.95% of cancer diagnoses in SEER registries, data not shown). Therefore, only single race or ethnicity information was used for classifying cases and deaths in this study [11, 22] .
Due to the lack of consistency between racial/ethnic information for the numerators (generally, single race from medical records or state vital records offices) and population denominators (either self-reported single race alone; or single race alone or in combination with other races), we calculated two rates for each cancer type, specific API group, and gender. These may be considered as representing a maximum rate (based on the smaller, single-race/ethnicity alone denominator) [23] and a minimum rate (based on the larger denominator that includes both multiple-race/ethnicity and single-race/ethnicity respondents) [24] .
Census Bureau policy for Census 2000 data is to not disclose race/ethnicity-specific population counts below 100 for a particular geographic area [25] . Thus, we were unable to obtain comprehensive population denominators for some of the SEER reporting areas. When race/ethnicityspecific census population data were suppressed for an entire registry, the registry was excluded from rate calculations for that particular API group. However, when the census population data were suppressed for a subset of the counties within the Seattle/Puget Sound metropolitan area, we chose to calculate an incidence rate that included all remaining counties for which the race/ethnic-specific population data were not suppressed. This resulted in the exclusion of selected counties in Seattle/Puget Sound from incidence rate calculations for each of the API groups, with the exception of Filipinos (Table 1) .
In addition, when a specific API population group in a SEER registry coverage area was less than 1,000 (based on single race/ethnicity alone population data), the data for that area was excluded from the cancer incidence rate calculations for that group. The rationale for this exclusion was that incidence rates for specific API groups in these registries with small populations were generally low; suggesting that misclassification of API ethnic information in medical records may be a bigger problem in these areas. Using this population threshold limited the number of geographic areas for Guamanians, Kampucheans, Laotians, Samoans, and Tongans (Table 1) , but excluded just 1-2% of the total number of cancer cases in these groups. Cancer incidence and mortality rates for Native Hawaiians are reported only for the State of Hawaii due to the extensive efforts at the Hawaii Tumor Registry to classify all cancer patients with any native Hawaiian ancestry and because of the unique cultural and environmental characteristics of this group [26] . About 60% of the total U.S. Native Hawaiian population resides in Hawaii.
We examined the distribution of stage of disease at diagnosis for cancers of the colon and rectum, female breast, cervix uteri, and prostate using the SEER historical stage categories of localized, regional, and distant disease [27] . Due to changing medical practices in characterizing prostate cancers, we combined localized and regional prostate cancer cases for the analysis by stage. The ageadjusted distribution of stage at diagnosis for selected cancers was calculated in the following manner. An ageadjusted incidence rate was computed using the direct method for each particular stage group for a specific cancer site, it was then divided by the age-adjusted incidence rate for all stages combined, and the resulting proportion was converted to a percentage.
Results
To simplify the presentation of our findings, incidence, and mortality rates appearing in the tables are limited to those based on the single race/ethnicity denominators, with the exception of Native Hawaiian rates. Since the Hawaii Tumor Registry collects extensive multiple race/ethnicity information on their cancer patients and classifies a patient with any native Hawaiian ancestry as native Hawaiian, the most appropriate population denominator for a native Hawaiian rate is the one that includes Hawaiian alone or in any combination. Regardless of which denominators were used, the relative rankings of the cancer sites remained the same for all API groups, however, the magnitude of all the rates were reduced when larger denominators (i.e., population counts based on the specific API group alone or in combination with other any other racial/ethnic group), were used. Rates based on both single race/ethnicity and one or more race/ethnicity denominators are included as appendices. The appendices also include case counts and 95% CI for the rates.
Incidence rates: Men
The overall cancer incidence rates were highest among Native Hawaiian and Samoan men, due to high rates of prostate and lung cancers (Table 2 ), but they do not exceed the overall cancer rate for non-Hispanic white men (Table 4) . Lung cancer incidence in Native Hawaiian men, however, was higher than that for non-Hispanic white men. Asian Indian/Pakistani and Guamanian men had the lowest overall cancer rates among the API groups, and Asian Indians/Pakistanis had relatively low rates for lung and colorectal cancers. Prostate cancer was the leading cancer in Asian Indian/Pakistani, Chinese, Filipino, Guamanian, Native Hawaiian, Japanese, and Samoan men, while lung cancer rates were highest in Kampuchean, Korean, Laotian, Tongan, and Vietnamese men. Colorectal cancer was among the top three cancers in Asian Indian/Pakistani, Chinese, Filipino, Native Hawaiian, Japanese, Korean, and men; whereas liver cancer was among the top three in Kampuchean, Laotian, Samoan, and Vietnamese men. Japanese men had the highest colorectal cancer rate (75.9 per 100,000; 95% CI: 71.9, 80.2) and this exceeded the rate in non-Hispanic white men. Among Laotian men, incidence rates for lung, liver, and stomach cancers all exceeded the rate for prostate cancer; in fact, their prostate cancer rate (30.9; 95% CI: 18.2, 51.9) was lowest among the API groups in our study. Stomach cancer was among the top five cancers in all API groups, with the exception of Asian Indian/Pakistani and Filipino men, but ranked much lower in non-Hispanic white men (Appendix Table 1 ). Table 1 ). Nasopharyngeal cancer may also have been high in other API groups, but the number of cases in our study were too small to produce reliable rates.
Incidence rates: Women Native Hawaiian, Samoan, and Tongan women had the highest overall cancer incidence rates, while Asian Indian/ Pakistani, Guamanian, and Kampuchean women had the lowest rates ( Table 3 ). The cancer rate in Native Hawaiian women even exceeds that of non-Hispanic white women ( Table 1 ). Endometrial cancer was among the top four leading cancers for all groups with the exception of Kampuchean, Korean, Laotian, and Vietnamese women. Liver cancer was the fifth leading cancer in Kampuchean, Korean, Laotian, and Vietnamese women. Stomach cancer was among the top five cancers for Chinese, Japanese, and Korean women, and greatly exceeded the rate in nonHispanic white women. As observed in men, nasopharyngeal cancer rates were highest in Chinese and Vietnamese women, while small numbers of cases precluded an evaluation of the rates in many of the other API groups (Appendix Table 1 ). 
Mortality rates: Men
The overall cancer death rates were highest among Samoan and Native Hawaiian men (Table 5 ) and, unlike the incidence rates, exceeded the overall cancer death rate for nonHispanic white men (Table 4 ). Asian Indian men had the lowest overall cancer mortality rate among the API groups, largely due to relatively low rates for lung and colorectal cancers. Lung and bronchus cancer had the highest ageadjusted death rate for each Asian ethnic group. Native Hawaiian men had the highest lung cancer rate (87.7 per 100,000; 95% CI: 76.4, 100.7), and exceeded the rate in non-Hispanic white men (72.2 per 100,000; 95% CI: 71.8, 72.7). Prostate cancer mortality was among the top three causes of cancer death in Asian Indian, Filipino, Native Hawaiian, and Samoan men. Samoan men had the highest rate (36.2 per 100,000; 95% CI: 18.9, 64.4), but it is based on relatively few deaths and its confidence interval includes the rates seen for native Hawaiian and non-Hispanic white men. Colorectal cancer was among the top three causes of cancer death in Chinese, Filipino, Native Hawaiian, and Japanese men. Samoans had the highest rate (31.6 per 100,000; 95% CI: 17.2, 56.0). Liver cancer was in the top four causes of cancer death for all male Asian ethnic groups, except, Native Hawaiians and Japanese. Samoans also had the highest rate for this site 
Vi t e m a n s e e 
Vi t e m a n ese Samoans had the highest rate for this site as well (40.9 per 100,000; 95% CI: 24.1, 67.6).
Mortality rates: Women
Samoan and Native Hawaiian women had the highest overall cancer death rates (Table 6) , and even exceed the cancer mortality rate for non-Hispanic white women (Table 4 ). Asian Indian women had the lowest overall cancer death rate. Lung cancer was the leading cause of cancer death in each female API group, with the exception of Asian Indian women, for whom breast cancer had the highest age-adjusted rate (Table 6 ). Native Hawaiian women had the highest lung cancer death rate of all the API groups (47.6 per 100,000; 95% CI: 40.6, 55.6), but the confidence interval included the rate seen for non-Hispanic white women. Breast cancer was among the top three cancer causes of death for each female Asian ethnic group, except Koreans, where it was in the top five. Samoan and native Hawaiian women had the highest breast cancer death rates among the API groups. Colorectal cancer was among the top four cancers in every female API group, except Guamanian and Samoan women, for whom the data were too sparse to evaluate for this cancer. Liver cancer was among the top four cancer causes of death in Chinese, Korean, and Vietnamese women and their rates exceed the liver cancer mortality rate for non-Hispanic white women (Appendix Table 2 ). Stomach cancer was among the top five cancer causes of death for Chinese, Native Hawaiian, Japanese, Korean, and Vietnamese women and their rates exceeded the rate in non-Hispanic white women (Appendix Table 2 ). The cervical cancer death rate in Vietnamese women, though not among the top five cancers, exceeded the rate in non-Hispanic white women (Appendix Table 2 ).
Discussion
Possible disparities in cancer incidence and mortality were identified for some of the API populations studied, using non-Hispanic whites as the referent. Liver cancer incidence and death rates were notably high among Chinese, Kampuchean, Korean, Laotian, Samoan, and Vietnamese men; and the rates for all API groups and both sexes in our study exceeded those for non-Hispanic white men and women. Infection with hepatitis B and C viruses is the major cause of liver cancer and individuals migrating from Asian, Middle Eastern, and African countries, where the viruses are endemic have been widely reported to be at increased risk for this cancer [28] . Stomach cancer incidence and death rates were higher for many of the API groups in our study when compared to rates for non-Hispanic whites. Asian Indian/Pakistani, and Filipinos were the exceptions, with their rates being closer to those for non-Hispanic whites. Studies of migrant populations suggest that exposure early in life to Helicobacter pylori plays a role in stomach cancer risk, in addition to possible dietary factors [29] . A majority of the API cancer patients in our study were born outside of the U.S., with the exception of Japanese-Americans and Native Hawaiians (data not shown). Birthplace information was missing from registry records, however, for about 28% of the API in this study. Incidence and death rates for nasopharyngeal cancer among Chinese, Filipino, and Vietnamese groups in our study are several times the magnitude of rates seen in other U.S. racial/ethnic groups [30] . Rates may also be high in other U.S. API groups, but the number of cases in our study is too small to provide precise estimates. Chinese and several Southeast populations-including Filipinos, Thais, and Vietnamese-have previously been reported at increased risk for this cancer [31] and rates are known to remain high among Chinese immigrants to the U.S. and other countries [32] . Consumption of preserved foods beginning at an early age is frequent among these groups and has been associated with this cancer [31] . The low rates of lung, colorectal, and stomach cancers we observed among Asian Indians, either living in India or residing in other countries, have also been reported by others [33] [34] [35] . Factors such as lower tobacco use and components of the South Asian diet have been suggested as playing important roles in these patterns [36] [37] [38] . Breast cancer was a leading cancer among API women in our study, as it is in other racial/ethnic groups [39] , but the breast cancer incidence rate in each API group, with the exception of native Hawaiians, was lower than that for nonHispanic white women.
Though based on small numbers, we note that Samoan women had a smaller percentage of breast cancers diagnosed at an early stage and their breast cancer death rate was among the highest of the API groups. Others have reported low screening rates among Samoan women and note the need for targeted efforts to improve doctor-patient communication on prevention behavior [40, 41] . Samoan men had lower percentages of colorectal and prostate cancers diagnosed at an early stage and this may be reflected in their Abbreviations: Lung = lung and bronchus; Endometrium = corpus uterus, NOS; Non-Hodgn = non-Hodgkin lymphoma higher mortality rates for these cancers. Increased efforts to improve screening for these cancers in specific API groups may be needed. These results are based on small numbers of deaths among Samoans, however, and need to be confirmed in other studies. Furthermore, our findings must be interpreted cautiously, since the geographic coverage of the API study populations included in the incidence and mortality analyses are somewhat different.
Limitations of the source data must be recognized when analyzing racial/ethnic patterns of disease. Evaluations of the accuracy of cancer registry data on race/ethnicity, which is extracted from patient medical records, have shown varying levels of misclassification [42] [43] [44] [45] [46] [47] . A recent comparison of self-reported race/ethnicity obtained from interview studies with that from registry records was conducted by the Greater Bay Area Cancer Registry Abbreviations: Lung = lung and bronchus; Liver = liver and intrahepatic bile duct; Non-Hodgkin = non-Hodgkin lymphoma birthplace. Similar misclassification problems have been identified for death certificate information on race/ethnicity and have been reported to result in an 11% underestimate of mortality rates for the API group as a whole [48] . The impact of nonspecific API race on the mortality rates in our study is small, however, since less than 0.1% of deaths were coded as ''API, NOS.'' These limitations suggest that the API rates we have reported are generally biased downward, in spite of the fact that we used the single race population denominators in our rate calculations.
In conclusion, we found some evidence for cancer health disparities between specific API populations and non-Hispanic whites. The addition of population denominators for detailed API groups to SEER*Stat software developed by the National Cancer Institute's Surveillance Research Program will enable public health researchers to utilize SEER databases to further investigate cancer incidence and mortality rates among these groups in the US [8] . Additional studies might include analyses that incorporate tumor characteristics (e.g., cancer subsite, histology, and grade) or other sociodemographic factors when examining racial/ethnic differences in cancer patterns. Oral cavity a(excluding Nasopharynx) 3,142 1.6 1. Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.
